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Predation is one of the most influential interspecific interac-
tions. In freshwater ecology, the impact of fish predation on
zooplankton community structure has been emphasized since
the 1960s, and the role of invertebrates as important predators
has also attracted the interest of ecologists (Williamson et al.
1989). Cyclopoid copepods often impact upon prey popula-
tions including calanoid copepods.
The calanoid copepod Eodiaptomus japonicus (Burckhardt,
1913) is a dominant zooplankter in Lake Biwa, Japan. It feeds
on small planktonic algae (Okamoto 1984) and is preyed upon
by fishes (Kawabata et al. 2002) and by the cyclopoid copepod
Mesocyclops dissimilis Defaye et Kawabata, 1993 (Kawabata
1991). Since high mortality rates of E. japonicus coincided
with high densities of M. dissimilis in Lake Biwa (Kawabata
1989, 1993), M. dissimilis is supposed to be an important
predator of E. japonicus. The predation rates of cyclopoid
copepods, however, have only rarely been measured on cope-
pod prey compared to with rotifer or cladoceran prey
(Williamson & Reid 2001).
I measured the clearance rate of M. dissimilis on E. japoni-
cus in laboratory experiments. Several combinations of differ-
ent developmental stages of the two species were investigated,
because the predator-prey relationship is known to change with
ontogeny (Kawabata 1991). Gliwicz (2003) emphasized differ-
ences in behavior between wild and cultured animals. To mini-
mize the side effects of laboratory experiments in this study,
predation rates were measured for a short duration using field-
captured animals at natural prey densities and temperatures.
The effects of container volume and prey density were exam-
ined in supplementary experiments.
Copepods were collected by vertical net haul, and lake water
was collected with a Van Dorn sampler from the epilimnion in
the pelagic area of the north basin of Lake Biwa from 14 June
to 28 July 1989. Predators in the fourth and fifth copepodid
stages (CIV and CV) and adult males and females, and prey in
the second/third (early) and fifth/sixth (late) naupliar stages,
and in the second/third copepodid stages were sorted under a
stereomicroscope. Lake water used for the experiment was fil-
tered through a 40-mm nylon net. All experiments were done
in a thermostatic room under a 12 : 12 h LD cycle and started
within 5 h after the field collection. Two kinds of temperatures
were employed according to the date of the field collection,
that is, 20°C for 14 June to 13 July when the field temperature
was 17.5–22.5°C and 25°C for 21 to 28 July when it was 22.5–
27.5°C.
The container effects were examined at 20°C in six 0.1-,
0.2- and 0.4-L Erlenmeyer flasks (18 flasks in total), each with
two, four and eight late naupliar prey for the 0.1-, 0.2- and 0.4-
L flasks, respectively (i.e. the initial prey density of 20 ind. L1).
The effect of prey density was examined at 20°C using eight
0.2-L flasks for each of four kinds of the initial prey density,
viz., 3, 5, 7 and 9 late nauplii per flask (i.e., 15, 25, 35 and
45 ind. L1). In these experiments, half the flasks for each vol-
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ume (3 of 6) or each prey density (4 of 8) served as the experi-
mental flasks by adding one adult female predator per flask,
and the other half were the control flasks. Stage-specific clear-
ance rates were measured for the following combinations of
predator, prey and temperature: CIV, CV and adult male and
female predators on early naupliar prey at 20°C; CIV and adult
male and female predators on late naupliar prey at 20°C; CV
and adult female predators on late naupliar prey at 25°C; and
adult male and female predators on copepodid prey at 25°C.
For each combination, seven or eight 0.2-L flasks were used, of
which four had one predator and five prey animals introduced
and the other three or four contained only five prey items and
served as the controls. The mean density (standard deviation in
parenthesis) of CIV, CV and adult M. dissimilis from 1984 to
1986 in Lake Biwa was 6 (9) ind. L1, and that of the fourth
naupliar stage to CIII E. japonicus was 55 (58) ind. L1 (Kawa-
bata 1987, 1989). The present initial densities of predators
(5 ind. L1) and prey (15–45 ind. L1) were thus within the
range of their densities in Lake Biwa.
Every predator was removed from each flask with a pipette
after 1 d, and live prey individuals were also sucked out and the
number of survivors was recorded. The clearance rate F
(l ind.1 d1) can be calculated with the standard exponential
equation: FV(ln Cfln Ef), where V is the volume of the
flask (l), and Cf and Ef are the final prey numbers in the con-
trol and experimental flasks, respectively. Then the average
prey density in an experimental flask D (ind. L1) is: D(Ei
Ef)/V/(ln Eiln Ef), where Ei is the initial prey number in the
experimental flask. Finally, the predation rate (ind. ind.1 d1)
is given by multiplying F and D.
Three out of all 69 predators consumed all prey in a day, and
their Ef was assumed to be 0.5 instead of 0 in the calculation.
Prey died in 17 control flasks and eight predators in the corre-
sponding experimental flasks did not kill or consume prey. The
clearance rates of these eight predators were assumed to be 0
in the calculation.
Differences in clearance rate and predation rate were statisti-
cally examined by the two-tailed permutation test for two inde-
pendent samples or by Kruskal-Wallis one-way ANOVA
(Siegel & Castellan 1988).
In the experiments on container-volume effects, mean clear-
ance rates (standard error in parenthesis) were 0.069 (0.040),
0.065 (0.040) and 0.080 (0.045) L ind.1 d1 in 0.1-, 0.2- and
0.4-L flasks, respectively. Difference among container volumes
was not significant (p0.9).
Predator individuals in the experiments on prey-density ef-
fects showed a wide range of clearance rates. The clearance
rates did not differ significantly among four prey-density con-
ditions (p0.8) (Fig. 1). The mean predation rates at the aver-
age prey densities of 12, 17, 23 and 31 ind. L1 were 0.9, 2.4,
3.1 and 4.6 ind. ind.1 d1, respectively; and the difference
among the four conditions was significant (p0.04). Jamieson
(1980) revealed that the predation rate of adult female Mesocy-
clops leuckarti on naupliar calanoid copepods increased lin-
early from 1.5 to 3.3 ind. ind.1 d1 within a similar range of
average prey density to the present study. This indicates the
predation rate of M. dissimilis on naupliar calanoids were simi-
lar to that of M. leuckarti.
The clearance rates measured for each combination of
predator and prey stages were also variable (Fig. 2). The coef-
ficient of variation within four replicates of each of 11 combi-
nations ranged from 45 to 200% with an average of 102%. The
mean clearance rates of CIV, adult male and adult female
predators at 20°C were higher on early naupliar prey than on
late naupliar prey; the difference was significant in CIV preda-
tors (p0.03). The mean clearance rate on early naupliar 
prey was 0.06 L ind.1 d1 in CIV predators, increased to
0.10 L ind.1 d-1 in CV predators and then to 0.13 L ind.1 d1
in adult male predators or to 0.12 L ind.1 d1 in adult female
predators. That on late naupliar prey also increased from
0.01 L ind.1 d1 in CIV predators to 0.03 L ind.1 d1 in adult
male predators or to 0.04 L ind.1 d1 in adult female preda-
tors. However, the difference among predator stages was not
significant on either prey (p0.3). Ontogenetic tendencies in
clearance rate, though seldom significant, translated to an in-
crease with development of the predators and a decrease with
that of the prey. This tendency agrees with the fact that the
probability of predatory attack after detection is reduced by the
relative size of the prey to the predator (Kawabata 1991). The
mean clearance rate on copepodid prey was 0.05 L ind.1 d1
in adult male predators and 0.07 L ind.1 d1 in adult female
predators. The clearance rates of adult female predators on late
naupliar prey did not differ significantly between 20 and 25°C
(p0.1).
In the present study, individual predators showed a large
variation in the clearance rate even within replicates of the
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Fig. 1. Relationship between average prey density and clearance
rate of adult female predators on late naupliar prey. Means with
standard errors of both variables are shown for each initial prey
density.
same experiment. The large variation prevented precise deter-
mination of clearance rate and obscured the ontogenetic
changes. Confer (1971) has measured the predation rate of
Mesocyclops edax on Diaptomus floridanus using individuals
collected from a lake, and also found large variations among
experiments performed on different dates. Predator individuals
may differ greatly in their ability to capture prey. Such individ-
ual differences in predatory behavior should be studied further.
The mean ratio of abundance of the fourth naupliar stage to
CIII E. japonicus to that of CIV, CV and adult M. dissimilis
was 1.6 (standard deviation, 1.5) in June and July of both 1984
and 1985 in Lake Biwa (Kawabata 1987, 1989). Furthermore,
the mortality of the prey population was higher in these
months than the others (Kawabata 1993). The mean predation
rate calculated from clearance rate and average prey density in
the present 1 L stage-specific combinations ranged from 0.2 to
2.0 ind. ind.1 d1 with an average of 1.3 ind. ind.1 d1. These
predation rates suggest that M. dissimilis was sometimes an in-
fluential predator of E. japonicus. Quantitative estimation of
the predation impact is now necessary.
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Fig. 2. Clearance rates of CIV, CV and adult male and female
predators on early and late naupliar (EN and LN), and copepodid
(C) prey measured at 20 or 25°C. Means with standard errors are
shown.
